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24 SUMMARY:
25  This work presents a detailed protocol for the microfabrication of nanostructured a-quartz
26  cantilever on a Silicon-On-Insulator(SOI) technology substrate starting from the epitaxial growth
27  of quartz film with the dip coating method and then nanostructuration of the thin film via
28  nanoimprint lithography.
29
30 ABSTRACT:
31 In this work, we show a detailed engineering route of the first piezoelectric nanostructured
32  epitaxial quartz-based microcantilever. We will explain all the steps in the process starting from
33  the material to the device fabrication. The epitaxial growth of a-quartz film on SOI (100) substrate
34  starts with the preparation of a strontium doped silica sol-gel and continues with the deposition
35  of this gel into the SOI substrate in a thin film form using the dip-coating technique under
36 atmospheric conditions at room temperature. Before crystallization of the gel film,
37 nanostructuration is performed onto the film surface by nanoimprint lithography (NIL). Epitaxial
38 film growth is reached at 1,000 °C, inducing a perfect crystallization of the patterned gel film.
39  Fabrication of quartz crystal cantilever devices is a four-step process based on microfabrication
40 techniques. The process starts with shaping the quartz surface, and then metal deposition for
41  electrodes follow it. After removing the silicone, the cantilever is released from SOI substrate
42  eliminating SiO2 between silicon and quartz. The device performance is analyzed by non-contact
43  laser vibrometer (LDV) and atomic force microscopy (AFM). Among the different cantilever’s
44  dimensions included in the fabricated chip, the nanostructured cantilever analyzed in this work
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exhibited a dimension of 40 um large and 100 um long and was fabricated with a 600 nm thick
patterned quartz layer (nanopillar diameter and separation distance of 400 nm and 1 um,
respectively) epitaxially grown on a 2 um thick Si device layer. We measured a resonance
frequency at 267 kHz and the estimated quality factor, Q, of the whole mechanical structure was
Q ~398 under low vacuum conditions. We observed nanometric linear dependence of cantilever
displacement and applied AC voltage with both techniques (i.e., AFM contact measurement and
LDV). Therefore, proving that these devices can be activated through the indirect piezoelectric
effect.

INTRODUCTION:

Oxide nanomaterials with piezoelectric properties are pivotal to design devices such as MEMS
sensors or micro energy harvesters or storage'=. As the advances in CMOS technology increase,
the monolithic integration of high-quality epitaxial piezoelectric films and nanostructures into
silicon becomes a subject of interest to expand new novel devices*. In addition, greater control
of miniaturization of these devices is required to achieve high performances>®. New sensor
applications in electronic, biology, and medicine are enabled by the advances in micro and
nanofabrication technologies’8.

In particular, a-quartz is widely used as a piezoelectric material and shows outstanding
characteristics, which allow users to make fabrication for different applications. Although it has
low electromechanical coupling factor, which limits its application area for energy harvesting, its
chemical stability and high mechanical quality factor make it a good candidate for frequency
control devices and sensor technologies®. However, these devices were micromachined from
bulk single quartz crystals which have the desired characteristics for device fabrication. The
thickness of the quartz crystal should be configured in such a way that the highest resonance
frequency can be obtained from the device, nowadays, the lowest achievable thickness is 10
um?l, So far, some techniques to micropattern the bulk crystals such as Faraday cage angled-
etching!, laser interference lithography?'?, and focused ion beam (FIB)3 were reported.

Recently, direct and bottom-up integration of epitaxial growth of (100) a-quartz film into silicon
substrate (100) was developed by chemical solution deposition (CSD)'**°. This approach opened
a door to overcome the aforementioned challenges and also to develop piezoelectric-based
devices for future sensor applications. Tailoring the structure of a-quartz film on silicon substrate
was achieved and it allowed to control the texture, density, and the thickness of the film*é, The
thickness of the a-quartz film was extended from a few hundred nanometers to the micron range,
which are 10 to 50 times thinner than those obtained by top-down technologies on bulk crystal.
Optimizing the dip-coating deposition conditions, humidity and temperature was enabled to
attain both continuous nanostructured crystalline quartz film and a perfect nanoimprinted
pattern by a combination of a set of top-down lithography techniques!’. Specifically, soft
nanoimprint lithography (NIL) is a low-cost, large-scale fabrication and benchtop equipment-
based process. Application of soft NIL, which combines top-down and bottom-up approaches, is
a key to produce epitaxial quartz nanopillar arrays on silicon with a precise control of pillar
diameters, height, and the interpillar distances. Furthermore, fabrication of silica nanopillar with
controlled shape, diameter, and periodicity on borosilicate glass for a biological application was
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performed customizing soft NIL of epitaxial quartz thin film?é.

Up to now, it has not been possible for on-chip integration of piezoelectric nanostructured a-
guartz MEMS. Here, we draw the detailed engineering route starting from material to device
fabrication. We explain all the steps for material synthesis, soft NIL, and the microfabrication of
the device to release a piezoelectric quartz cantilever on SOl substrate!® and discuss its response
as a piezoelectric material with some characterization results.

PROTOCOL:

1) Preparation of the solution

1.1) Prepare a solution containing prehydrolyzed tetraethyl orthosilicate (TEOS) 18 h before the
production of the gel films in a fume hood in which a lab balance and a magnetic stirrer are

placed.

1.1.1) Add 0.7 g of polyethylene glycol hexadecyl ether (Brij-58) and 23.26 g of ethanol into 50
mL bottle and close the lid of the bottle and stir it until the Brij is completely dissolved.

1.1.2) Add 1.5 g of HCl 35% into the flask in step 1.1.1, close it and stir for 20 s.
1.1.3) Add 4.22 g of TEOS to the flask in step 1.1.2, close it and let it stir for 18 h.

1.2.  Preparation of 1 M aqueous solution of Sr?* just before the production of the gel films
because a matured solution is susceptible to re-precipitate in form of Sr salt.

1.2.1) Weigh 2.67 g of SrCl,-6H,0 in a 10 mL volumetric flask.

1.2.2) Add 10 mL ultrapure water (e.g., Milli-Q) up to 10 mL into the flask in step 1.2.1 and
close the flask with a plastic cap and gently shake the flask to dissolve the strontium chloride.

1.3) Add 275 pL of the 1 M aqueous solution of Sr?* into the 10 mL bottle containing the
solution that was prepared in step 1.1 and stir the solution for 10 min.

2. Preparation of polydimethylsiloxane (PDMS) templates

2.1.  Preparation of PDMS solution after step 1.3.

2.1.1) Mix 1 part of the curing agent with 10 parts of the elastomer in a beaker on the balance.
Stir the mixture with a glass stick until obtaining a homogeneous distribution of bubbles and

remove it in a vacuum chamber.

2.2. Replicate the silicon master using the PDMS solution. Notice that for this work, we used
a silicon patterned master composed of pillars with diameters, height, and separation distance
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of 1 um.

2.2.1) Put the silicon master with the structured face up in a plastic box and fill the box with
the PDMS solution.

2.2.2) Introduce the plastic box into the furnace at 70 °C for 2 h to obtain a solid PDMS
template.

2.2.3) Separate the PDMS template and the silicon master. Cut the PDMS template to the
desired size using a blade and keep it in a clean box.

3. Gel film deposition on SOI (100) substrates by dip-coating
3.1. Preparation of the substrates

3.1.1) Prepare 2 cm x 6 cm sized substrates by cutting a 2-inch p-type SOl wafer with the
thickness of 2/0.5/0.67 um (Si/SiO2/Si) in a direction parallel or perpendicular to the wafer flat
using a diamond tip. Notice that the conductivity of the silicon device layer must be between 1
and 10 Q/cm.

3.1.2) Introduce substrates in a piranha solution for 20 min in order to eliminate possible
fabrication polymers.

3.1.3) Clean with pure water, then with ethanol, and let them dry or use nitrogen flow. This
step should be performed just after step 1.3.

3.2. Deposition of a solution containing pre-hydrolyzed tetraethyl orthosilicate (TEOS), Brij-
58 sulfactant and SrCl, 6H,0.

3.2.1) In order to obtain a homogeneous silica film, set the dip-coater’s chamber under the
conditions at relative humidity 40% and 25 °C of temperature.

3.2.2) Place a beaker with the size of around 5 cm x 1 cm x 8 cm underneath the SOI substrate
hanging from the dip-coater arm and establish a dip coating sequence with the speed of 300
mm/min at the immersion and withdrawal. Set the immersion time (time at the final position)
to zero.

3.2.3) Fill the beaker with the solution prepared in step 1.3 and wait until the relative humidity
temperature becomes stable, i.e., 40% and 25 °C, respectively.

3.2.4) Perform a single dip coating and wait until the film becomes homogeneous.

3.2.5) Introduce the SOI substrate into a furnace at 450 °C for 5 min to consolidate de gel film
obtaining a thickness of 200 nm.
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3.2.6) Repeat steps 3.2.3 and 3.2.4 two times more to produce a film with around 600 nm of
thickness. To ensure the stability of the solution, a repeating process should be performed in 1
h.

4, Surface micro/nanostructuration by soft imprint lithography

4.1. Prepare the micro/nano structures on the film surface under the conditions of relative
humidity 40% and 25 °C of temperature.

4.1.1) Repeat step 3.2.3 to deposit a new film on SOI substrate.

4.1.2) Place the SOl substrate after step 3.2.1 on a flat surface and put the PDMS mold
prepared in step 2.2 on the SOI substrate while the sol-gel is evaporating.

4.1.3) Put the SOI substrate with the PDMS mold in a furnace at 70 °C for 1 min, and then at
140 °C for 2 min in a second furnace. Then, leave it for cooling down.

4.1.4) Remove the PDMS mold to obtain a micro/nanostructured gel film on the SOI substrate.

4.1.5) Introduce the SOl substrate into a furnace at 450 °C for 5 min to consolidate a
micro/nanostructured gel film 600 nm height.

5. Gel film crystallization by thermal treatment
5.1. Thermal treatment of the gel films on SOI (100).
5.1.1) Program the tubular furnace heating from room temperature to 1,000 °C.

5.1.2) Introduce the sample placed in a ceramic boat into the furnace at 1,000 °C for 5 hours.
Do not cover the tubular working tube during the whole thermal treatment in order to saturate
the furnace with air. Finally, reach the room temperature by cooling the furnace without any
programmed ramp.

6) Designing of lithography mask layout

The mask used in this process is designed specifically for a device fabrication on the SOl substrate
with epitaxial nanostructured quartz. All the fabrication processes are carried out on the quartz
side. The mask was designed in a way that negative tone resist needs to be used in each step.
The mask is organized in four different steps as explained below.

6.1) Patter the quartz to determine the shape of the cantilever and also 30 um x 30 um square
shape contact area. For example, 40 um x 100 um size rectangular shape cantilever area out of
120 um x 160 um area is protected with negative resist and the rest is etched until silicon layer.
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6.2) Realize the top and bottom electrodes. Top electrode is patterned on the rectangular shaped
cantilever area and the bottom electrode is patterned on the 2 um thick silicon layer on the 30
um x 30 um etched area. The width of the top contact is 4 um smaller than the patterned
cantilever area and the size of the bottom contact is bigger than the 30 um x 30 um square shape
etched area in step 1.

6.3) Etch all the 2 um thick silicon layers in 120 um x 160 um U-shaped area around the rectangle-
shaped cantilever. The etched area is again U-shaped but 4 um smaller from each side to protect
the cantilever area from HF attack in the last step.

6.4) Release the cantilever with BOE etching of SiO,. The protected cantilever area is 2 um bigger
than the actual cantilever area. The most important part is to protect the surface and blanks of
the cantilever.

7) Cleaning of the quartz samples for the cantilever microfabrication process with
piranha solution

7.1) Prepare a piranha solution by slowly adding 10 mL of hydrogen peroxide (H202) into 20 mL
of sulfuric acid (H2S04) at ambient temperature. This mixture creates a thermal reaction.

7.1.1) Put the samples inside this solution for 10 min in order to clean all the organic residues.
7.1.2) Rinse the samples with DI water and dry them with nitrogen.

8) Step 1: Patterning cantilever shape on the quartz thin film

8.1) The first lithography process

8.1.1) Rinse the samples with acetone, IPA, and then blow dry with nitrogen.

8.1.2) Put the samples on the hot plate at 140°C for 10 min of dehumidification.

8.1.3) Spin AZ2070 negative photoresist at a speed of 4,000 rpm for 30 s.

8.1.4) Put the samples on the hot plate to softbake at 115 °C for 60 s.

8.1.5) Expose the sample with 37.5 mJ.cm? UV dose for 5 s.

8.1.6) Put the sample on the hot plate for post exposure bake at 115 °C for 60 s.

8.1.7) Develop in MIF 726 developer for 100 s at ambient temperature, then rinse in DI water
and blow dry with nitrogen. The expected thickness is 5.5 pum.
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8.1.8) Put the sample on the hotplate at 125 °C for 10 min to hardbake the resist.
8.2) Reactive lon Etching (RIE) of the quartz layer

8.2.1) Etch the quartz until silicon layer using RIE with a gas flow rate of 60 sccm CHF3, 20 sccm
02, and 10 sccm Ar at 100 W RF power.

8.3) Cleaning the resist residuals
8.3.1) Clean with plasma at a flow rate of 90 sccm 0 for 5 min.

8.3.2) If the first cleaning step is not enough, leave the sample in remover PG at 80 °C until all
the resists are removed.

8.3.3) Then, put the sample in a piranha solution (20 mL of sulfuric acid H2SO4 + 10 mL of
hydrogen peroxide H;0;) for 10 min. Then, rinse in DI water and blow dry with nitrogen.

9) Step 2: Realization of bottom and top electrode

9.1) The second lithography process

9.1.1) Rinse the samples with acetone, IPA, and then blow dry with nitrogen.
9.1.2) Put the samples on the hot plate at 140 °C for 10 min of dehumidification.
9.1.3) Spin AZ2020 negative photoresist at a speed of 4,000 rpm for 30 s.

9.1.4) Put the sample on the hot plate to softbake at 115 °C for 60 s.

9.1.5) Expose the sample with 23.25 mJ.cm™ UV dose for 3 s.

9.1.6) Put the sample on the hot plate for post exposure bake at 115 °C for 60 s.

9.1.7) Develop in MIF 726 developer for 50 s at ambient temperature, then rinse in DI water
and blow dry with nitrogen. The expected thickness is 1.7 um.

9.2) Metal deposition for top and bottom electrodes.

9.2.1) Deposit 50 nm Chromium at a rate of 4 A/s and 120 nm Platinum at 2.5 A/s with electron
beam evaporation at 10 mbar.

9.3) Metal lift-off

9.3.1) Leave the samples firstly in acetone and then in IPA until metal lift off is successful.
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9.3.2) Check the sample with an optical microscope and if necessary, leave the sample in
remover PG at 80 °C until all metals lift-off. Then, rinse in DI water and blow dry with nitrogen.

9.3.3) If step 9.3.2 is not enough, put the samples in an ultrasonic cleaner in acetone for 5 min.
Repeat this operation as many times as necessary.

9.3.4) Rinse the samples with acetone, IPA, and then blow dry with nitrogen.

10)  Step 3: Patterning the sample to etch Si(100) layer

10.1) The third lithography process

10.1.1) Rinse the samples with acetone, IPA, and then blow dry with nitrogen.
10.1.2) Put the samples on the hot plate at 140 °C for 10 min of dehumidification.
10.1.3) Spin AZ2070 negative photoresist at a speed of 2,000 rpm for 30 s.

10.1.4) Put the sample on the hotplate for softbake at 115 °C for 60 s.

10.1.5) Expose the sample with 37.5 mJ.cm™ UV dose for 5 s.

10.1.6) Put the sample on the hotplate for post exposure bake at 115 °C for 60 s.

10.1.7) Develop in MIF 726 for 110 s at ambient temperature, then rinse in DI water and blow
dry with nitrogen. The expected thickness is 5.9 um.

10.1.8) Put the sample on the hot plate at 125 °C for 10 min to hardbake the resist.
10.2) Reactive lon Etching of the silicon layer

10.2.1) Etch the silicon layer until Si0, layer using RIE with gas flow rate of 60 sccm CHFs3, 20
sccm 02 and 10 sccm Ar at 100W RF power.

10.3) Cleaning the resist residuals
10.3.1) First clean with plasma at a flow rate of 90 sccm 0, for 5 min.

10.3.2) Leave the sample in remover PG at 80 °C until all resists are removed. Then, rinse in DI
water and blow dry with nitrogen.

11) Step 4: Releasing cantilever by wet chemical etching of SiO>
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11.1) The fourth lithography process

11.1.1) Rinse the samples with acetone, IPA, and then blow dry with nitrogen.
11.1.2) Put the samples on the hot plate at 140 °C for 10 min of dehumidification.
11.1.3) Spin AZ2020 negative photoresist at a speed of 2,000 rpm for 30 s.

11.1.4) Put the sample on the hotplate for soft bake at 115 °C for 60 s.

11.1.5) Expose the sample with 37.5 mJ.cm™ UV dose for 5 s.

11.1.6) Put the sample on the hotplate for post exposure bake at 115 °C for 60 s.

11.1.7) Develop in MIF 726 for 65 s at ambient temperature. Rinse in DI water and then blow
dry with nitrogen. The expected thickness is 2.3 um.

11.1.8) Put the sample on the hotplate at 125 °C for 10 min to hardbake the resist.
11.2) Wet etching of SiO; layer with buffered oxide etch (BOE)
11.2.1) Put BOE 7:1 solution in a polytetrafluoroethylene (PTFE) based container.

11.2.2) Put the sample in this solution and leave it at ambient temperature until all SiO> layers
are etched under the cantilever. Then rinse in DI water and blow dry nitrogen.

11.3) Cleaning the resist residuals
11.3.1) Rinse the samples with acetone, IPA, and then blow dry with nitrogen.

11.3.2) If necessary, clean the resist residuals with plasma at a flow rate of 90 sccm O3 for 5
min.

REPRESENTATIVE RESULTS:

The progress of the material synthesis and device fabrication (see Figure 1) was depicted
schematically by monitoring different steps with real images. After the microfabrication
processes, we observed the aspect of the nanostructured cantilevers using the field emission
Scanning Electron Microscopy (FEG-SEM) images (Figure 2a-c). 2D Micro X-ray diffraction
controlled the crystallinity of the different stacking layers of the cantilever (Figure 2d). We also
analyzed the detailed crystallization of quartz pillars using electron diffraction technique and
FEG-SEM images in the backscattered electrons mode (Figure 2e-f). A deeper structural
characterization of a single quartz-based piezoelectric nanostructured cantilevers was performed
by recording the pole figure and rocking curve as shown in Figures 2g-i. The Electromechanical
response of the quartz-based piezoelectric cantilevers was detected using both (i) a Laser Doppler
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Vibrometer (LDV) equipped with laser, photodetector and frequency generator (see Figure 2j)
and (ii) an atomic force microscope in which the AC drive output of a Lock-in Amplifier (LIA) is fed
to the top and bottom electrodes of the cantilever, while the vibration is recorded with the
Optical Beam Deflection System of the AFM (see Figure 2k,l). Notice that the vibrometer was
used in the displacement mode with a range of 50 nm/V. The frequency generator utilized to
actuate the inverse-piezoelectricity of quartz by the cantilever itself was an arbitrary waveform
generator.

FIGURE AND TABLE LEGENDS:

Figure 1. Device fabrication. General schematics and FEG-SEM images of the synthesis and
microfabrication steps of quartz cantilever. (a) Dip coating multilayer deposition of Sr-silica
solution on SOl substrate is followed by nanostructuring of the film with NIL process (B,c,d). (e)
annealing of the sample at 1,000 °C in the air atmosphere enables the crystallization of
nanostructured quartz film. Finally, a nanostructured quartz cantilever is fabricated with silicon
micromachining (f,g,h,i).

Figure 2. (a) SEM image of a nanostructured quartz-based chip with different cantilever
dimensions. (b) SEM image of a single nanostructured quartz cantilever (36 um large and 70 um
long). (c) Cross sectional FEG-SEM image of nanostructured quartz film on SOl substrate. (d) 2D
X-ray diffraction pattern of the nanostructured cantilever. Notice that the different layers
together with their thicknesses are indicated in the diffractogram. (e) FEG-SEM top image of
nanostructured quartz film. (f) Higher resolution TEM image of a single quartz pillar. The inset
shows the single crystal nature of the pillar resolved by electron diffraction. (g) 2D pole figure of
a-quartz(100)/Si(100) cantilever. (h) Optical image of the whole chip during microdiffraction
measurements pointed by a laser beam. Notice that the green color in the optical image
corresponds to the diffraction of the natural light produced by the interaction of light and the
quartz nanopillar that act as a photonic crystal. (i) Rocking curve of the quartz/Si cantilever
showing a mosaicity value of 1.829° of the (100) quartz reflection. (I) Mechanical characterization
by noncontact vibrometry measurements under low vacuum of a quartz-based cantilever of 40
pum large and 100 um long composed of a 600 nm thick patterned quartz layer. The nanopillars
diameter and separation distance are 400 nm and 1 um, respectively and the thickness of the Si
device layer is 2 um. The inset image shows the linear dependence of the cantilever amplitude
and applied AC voltage. (k,1) Atomic Force Microscopy measurements in which the AC drive
output of a Lock-in Amplifier (LIA) is fed to the top and bottom electrodes of the sample, while
the vibration is recorded with the Optical Beam Deflection System of the AFM, i.e., LIA’s
amplitude versus time for different applied voltage amplitudes (from 2 to 10 VAC). Notice that
we observed similar linear dependence of the cantilever displacement in nanometers and applied
AC voltage.

DISCUSSION:

The presented method is a combination of bottom-up and top-down approaches to produce
nanostructured piezoelectric quartz micro-cantilevers on Si. Quartz/Si-MEMS technology offers
major advantages over bulk quartz in terms of size, power consumption, and integration cost.
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Indeed, epitaxial quartz/Si MEMS are produced with CMOS-compatible processes. This could
facilitate the future fabrication of single chip solutions for multifrequency devices while
preserving miniaturization and cost-effective processes. Compared to the current manufacturing
of quartz devices, a top down technology based on cutting and polishing of large hydrothermally
grown crystals, the method described in the protocol allows obtaining considerable thinner
quartz layers on SOl substrate, with thicknesses between 200 and 1,000 nm and precise
nanostructuration, which can generate piezoelectric patterned micro-devices of different
dimensions and design. The dimensions of the quartz devices obtained by standard method
cannot be below 10 um thick and 100 um in diameter and for most applications these need to
be bonded on Si substrates. This feature limits the working frequencies and sensitivity of the
current transducers.

The piezoelectric quartz devices obtained with the protocol could find applications in the near
future in the field of electronics, biology, and medicine. Due to its coherent quartz/silicon
interface, thicknesses below 1,000 nm, and a controlled nanostructuration these are expected to
present higher sensitivities while preserving the mechanical quality factor of the device.
Moreover, it is envisioned that these devices will operate both (i) at low mechanical frequency
of the MEMS structure, which depends on the device dimension, and (ii) at the intrinsic quartz
material frequency, which depends on the thickness of the quartz, i.e., around 10 GHz for an 800
nm thick resonatori®. A key aspect in order to obtain good quality cantilevers is ensuring the
preservation of the crystal quality and piezoelectric functionality of the active quartz layer during
the different lithographic processes. Indeed, a lithographic step process was created to protect
the lateral edges of the nanostructured quartz layer to avoid any risk of HF acid infiltration during
the release of the cantilever. As a result, the quartz/Si cantilever presents a uniform epitaxial
crystallinity and piezoelectric properties of quartz, as indicated by the structural and resonance
frequency characterization from 2D X-ray microdiffraction and non-contact vibrometer
measurements.
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Answers-to-
reviewers.pdf

Montpellier, 17 of August 2020.

Vineeta Bajaj, Ph.D.
Review Editor
JOVE journal

On behalf of all the co-authors I thank you very much for your positive feedback and constructive
reports about the manuscript JOVE61766 entitled “Epitaxial Nanostructured a-Quartz Film on

Silicon: From Material to New Devices”.

Following your recommendation, we have carefully considered and addressed the questions and
comments raised by the three reviewers. New and updated figures have been added in this revised
version of the paper, and we have highlighted in red background the novel modifications according

to the response to reviewer and editorial comments.

First reviewer’s report:

The work here is clearly presented and the protocol used works with demonstrated results. 1'd
recommend this manuscript to be accepted after another round of copy-editing.

We thank the reviewer for the careful reading of the manuscript and for the positive evaluation.

Second reviewer’s report

We appreciate the comments and recommendations of the second reviewer. As a result, we will
address all these observations point-by-point.

1.The title shoudl rather be: Epitaxial Nanostructured a-Quartz Film on Silicon: From the

Material to New Devices

We agree with the referee and we thank he/she for this observation, we have modified the title
according to the referee suggestion “Epitaxial Nanostructured a-Quartz Film on Silicon: From
the Material to New Devices”.

2. SOI needs to be defined the first time is used

We thank the reviewer for this observation, the SOI acronym has been defined the first time is used.

3. protocol 3.2.2: "...until the atmospheric conditions are stable*. Not celar what that means
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We thank the reviewer for this observation, the text has been clarified.

4. protol 3.2.3: | interpret there is only one dip. is that right? what is the thickness per dip
obtained in the end?

Yes, protocol 3.2.3 refers to a single dip coating process. We agree the reviewer remark; the text has
been modified accordingly. The Thickness per dip has been included in protocol 3.2.4. which is 200
nm.

5. protocol 3.2.5: i would indeed change protocol 3.2.3. | would say *“perform a dip™ since
talking about sequence is misleading, as evidenced by my previous comment.

We have changed this information following the recommendation of the referee.

6. protocol 3.3.3: is this done with two ovens? if not the heating ramp from 70 to 140C should
be given

Yes, the protocol 3.3.3 is done with two ovens at the indicated temperature values.
7. protocol 4.1.3: Do the samples need to be flat?

No, the sample can be accommodated in the ceramic boat in different configurations i.e. horizontal,
tilted or flat...

8. For all the lithographic steps, the details on the mask are missing. Also, it would have to be
precised which side of the sample is being treated since it is not necessarily obvious, although
the figures help to visualize it.

The top side of the sample is quartz side and bottom side of the sample is 675 um thick p doped
silicon (conductivity should be between 1 and 10 Q/cm). We fabricated the cantilever on quartz side.
The details of lithographic mask have been included in the main manuscript (protocol 6).

9. I m a bit confused by the structure of the cantilevers and the chip and how it is actuated. |
indeed do not understand or visualize why the contacts are referred to as top and bottom. If we
focus on figure 1h, it is not clear from the description and image how the cantilever is actuated.
The authors refer to top and bottom electrodes but both appear to be top electrodes in this
scheme. It is true that one touches the Si but is also in contact with the quartz layer. Maybe a
3d view or other alternative view would help see the interconections between the different layers
and their continuity etc..

The bottom electrode is the 2 um thick Silicon device layer. This layer remains below and in contact
with the piezoelectric epitaxial quartz film after the HF etching. Therefore, the quartz cantilever can
be activated by applying an alternative current (AC) between both electrodes. i.e. Pt top electrode and
Si(100) bottom electrode. We have included a set of FEG-SEM images in figure 1 to simplify the
view of electrodes and the heterostructure of this system.

10. In figure 1i why SiO2 to the left is not etched??
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It is true that a part of the surrender area is etched, but this is just a schematic view of the etching
process focused only in the cantilever part. We believe that with the new figure 1 this feature is less
confusing.

11. The caption of figure 2e seems not to be correct.

Thank you for this remark. This error has been corrected in the new version of the manuscript.

Third reviewer’s report

We thank the reviewer for the careful reading of our manuscript and for providing some corrections

and suggestions that have been incorporated.

All the authors sincerely hope that after correcting and clarifying the document and addressing the

reviewers’ observations and criticisms, the paper will be suitable for publication in JoVe .

| look forward to hearing your decision.

With best regards,

Adrien Carretero-Genevrier

Researcher

IES, Institut d'Electronique et des Systémes

CNRS UMR 5214 / Université Montpellier

860 rue de Saint Priest, Batiment 5

34097 Montpellier, France

Tel: 0467144654

Email : adrien.carretero-genevrier@umontpellier.fr
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Answers-to-
editors.pdf

Montpellier, 22 of August 2020.

Vineeta Bajaj, Ph.D.
Review Editor
JOVE journal

On behalf of all the co-authors I thank you very much for your positive feedback and constructive
reports about the manuscript JOVE61766 entitled “Epitaxial Nanostructured a-Quartz Film on

Silicon: From Material to New Devices”.

Following your recommendation, we have carefully considered and addressed the questions and
comments raised by the editorial. We have highlighted in yellow background the novel modifications

according to the response to editorial comments.

« Textual Overlap: Significant portions show significant overlap with previously published work.
Please re-write lines 97-99, 113-115, 120-124, 146-149, 33-335, 338-339, avoid this overlap.

We have resolved this overlapping issue in a novel version of the manuscript. The modified text has
been highlighted in red text color.

« Protocol Detail: Please note that your protocol will be used to generate the script for the video, and
must contain everything that you would like shown in the video. Please ensure that all specific details
(e.g. button clicks for software actions, numerical values for settings, etc) have been added to your
protocol steps. There should be enough detail in each step to supplement the actions seen in the video
so that viewers can easily replicate the protocol. Some examples:

1) 1.1.2, 1.1.3: Mention stirring speed.

2) 8.2.1: Does “mn” mean “minutes”? Please use “min” instead here and in several other steps.
Verified

* Protocol Numbering:
1) All steps should be lined up at the left margin with no indentations.

2) Please add a one-line space after each protocol step.

Verified
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* Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and spaces)
in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol
steps.

1) The highlighting must include all relevant details that are required to perform the step. For example,
if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1
and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.

2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from
one highlighted step to the next.

3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces
when calculating the final highlighted length.

4) Notes cannot be filmed and should be excluded from highlighting.

The protocol has been highlighted in yellow background. However, we were not able to reduce more
the final length of the highlighted text. We tried to reduce the maximum details but there are three

different processes that make substantially longer (more than 2.5 pages) the protocol.

» Discussion: JOVE articles are focused on the methods and the protocol, thus the discussion should
be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph
form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3)
significance with respect to existing methods, 4) future applications and 5) critical steps within the

protocol.

Verified

* Figures:

1) Fig 2, 3: Add common titles to each figure.
2) Fig 2a,b,c, 3a: Add scale bars.

Done

« References: Please spell out journal names.
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Done

« Commercial Language: JOVE is unable to publish manuscripts containing commercial sounding
language, including trademark or registered trademark symbols (TM/R) and the mention of company
brand names before an instrument or reagent. Examples of commercial sounding language in your
manuscript are (Brij-58, Milli-Q, AZ2070, Teflon, 33250A, Agilent, OFV-500D, Polytech,

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding
language in your manuscript with generic names that are not company-specific. All commercial
products should be sufficiently referenced in the table of materials/reagents. You may use the generic
term followed by “(see table of materials)” to draw the readers’ attention to specific commercial

names.

Done

* Table of Materials:

1) Please revise the table of the essential supplies, reagents, and equipment. The table should include
the name, company, and catalog number of all relevant materials/software in separate columns in an
xlIs/xlsx file. Please include all instruments and raw materials used.

2) Please sort in alphabetical order.

Done

« If your figures and tables are original and not published previously or you have already obtained
figure permissions, please ignore this comment. If you are re-using figures from a previous
publication, you must obtain explicit permission to re-use the figure from the previous publisher (this
can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-
publish the figure). Please upload the text of the re-print permission (may be copied and pasted from
an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as
requested by JOVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This

figure has been modified from [citation]."

All figures are original.
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All the authors sincerely hope that after correcting and clarifying the document and addressing the

editors’ observations, the paper will be suitable for publication in JOVE.

| look forward to hearing your decision.

With best regards,

Adrien Carretero-Genevrier

Researcher

IES, Institut d'Electronique et des Systémes

CNRS UMR 5214 / Université Montpellier

860 rue de Saint Priest, Batiment 5

34097 Montpellier, France

Tel: 0467144654

Email : adrien.carretero-genevrier@umontpellier.fr
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